In this paper, three different aerodynamic shape design of the high speed train bow network monitoring equipment were presented: The overall length, width and height size of the three designs are the same and design 1 was the original design; the edge of the windward face of design 2 was rounded compared with design 1; the angle between windward face and side face of design 3 became larger than that of design 1, and the width of the turning face was larger at the same time. By numerical computing: The aerodynamic performance of the equipment has nothing to do with the running speed of the train; Compared with design 1, the aerodynamic drag of design 2 is reduced by 2.3%, and the aerodynamic drag of design3 is increased by 1.4%. In design 2, the curve is more mellow, and the surface transition is more relaxed, so the aerodynamic drag is also the minimum.
INTRODUCTION
As the speed of high-speed train increases gradually, the contact condition of the vehicle bow network becomes worse. The roof monitoring equipment, with function of real-time monitoring, timely feedback and troubleshooting, has been widely used. Under conditions when the train is running in high speed, the aerodynamic effect of high-speed train bow network monitoring equipment is more significant. The aerodynamic performance of the bow network monitoring equipment effects the aerodynamic performance of the vehicle, so it is particularly important to design the shape of high-speed train bow network monitoring equipment with good aerodynamic performance. In this paper, industrial design method and aerodynamic numerical simulation method are integrated and multi-dimensional comparisons of modeling and aerodynamic performance between the three design schemes are carried out. In the end, the optimal shape scheme which conforms to the general aesthetic and satisfies the aerodynamic targets is obtained. The design provides a reference direction for the outer casing design.
MODELING DESIGN

Design Method
In this paper, the shell of the bow network monitoring device is designed to achieve the purpose of curved surface optimization. In order to design the shape with better aerodynamic performance and light weight, the internal structure should not be interfered, and it should be ensured that the surface of the molding does not fluctuate suddenly, thus achieving better aerodynamic performance. In order to better control the shape change, NURBS (Non-Uniform Rational B-Spline) method was adopted to model the non-uniform rational b-spline curve.
Design Output
The bow network monitoring device consists of the left and right devices, and the basic model of the left and right devices is the same, except that the part of the antenna is different. The left device is black, and the right device is white, as shown in Figure 1 , Figure 3 and Figure 5 . The above three schemes are based on the industrial design aesthetics and the early research of aerodynamic modeling. In order to ensure the normal use of the device functions and the lightest quality, the changes of the three schemes are very little. The edge of the corner and the smooth surface of the surface are respectively processed.
The overall length, width and height size of the three designs are the same and design 1 was the original design; the edge of the windward face of design 2 was rounded compared with design 1; the angle between windward face and side face of design 3 became larger than that of design 1, and the width of the turning face was larger at the same time.
NUMERICAL SIMULATION
Numerical Method
The control equations includes continuity equation, momentum equation and turbulence equation, we select k-epsilon equation which is the most widely used in engineering. The form of specific equation comes from reference material [1, 2] .
Calculation Model
This calculation is based on three cars, which is, the locomotive + middle car + tail car. The train was travelling at 200mm above the ground and the equipment was placed in front of the electric bow, and the train was traveling at the speed of 250 km/h and 350 km/h both forward and backward. The train was travelling at 200mm above the ground.
Calculation Area
The computed area is shown in the figure below. In numerical simulation of flow field, the practical problems of infinite space are transformed into a finite computing region with a certain size. Therefore, the setting of the computing domain is particularly important, which will directly affect the accuracy of the calculation result. This numerical calculation has been performed several times. The calculation domain length is 380m, 80m and 65m respectively. The calculation area is shown in fig.7 . Using the professional structured grid division software Pointwise, the device is structured and meshed, and its surface grid and global grid are shown in figure 8. 
Numerical Boundary Conditions
Velocity inlet condition: the velocity inlet boundary is set as the air flow entrance boundary. So the magnitude of the velocity is given by the actual train speed, that is, vx = vt, vy = 0, vz = 0 (the corresponding speed is 250 km/h and 350 km/h).
Pressure outlet: the outlet boundary conditions are set as pressure outlet, and the static pressure is 0 Pa. Symmetric boundary conditions: the top of the domain is set as symmetric boundary conditions. This boundary condition can expand the domain of numerical computation. At the same time, the planes which parallel to the running direction of the train are also set as a symmetric boundary condition.
CALCULATION RESULTS
According to the business software FLUENT, the results of travelling resistance of the devices under four different operating conditions are calculated, as shown in table 1. The following results can be obtained according to analysis: When the train was moving at a speed of 350km/h, the left and right devices were in a group. The maximum value appeared in case 1, and the aerodynamic resistance was 717.58 N. The minimum value appeared in case 2, and the aerodynamic resistance was666.88 N.
When the train is moving in opposite direction at 350km/h. the left and right devices were in a group. The maximum value appeared in case 3, and the aerodynamic resistance was 626.33 N. The minimum value appeared in case1, and the aerodynamic resistance was 567.76N.
As for the total resistance, the maximum value appeared in case 3, and the aerodynamic resistance was 1303.86 N. The minimum value appeared in case 2, and the aerodynamic resistance was 1255.34 N.
CONCLUSION
In this paper, the bow network monitoring equipment of the high-speed train was placed on the certain place of the train, and the aerodynamic resistance of different shapes were different, and there were certain connections.
(1) The aerodynamic performance of the equipment has nothing to do with the running speed of the train;
(2) Compared with design 1, the aerodynamic drag of design 2 is reduced by 2.3%, and the aerodynamic drag of design3 is increased by 1.4%.
(3) In design 2, the curve is more mellow, and the surface transition is more relaxed, so the aerodynamic drag is also the minimum.
